What is claimed is: 
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1 . A method of calculating a desired /axis motion of a wheeled base from 
an overall desired motion of the wheeled base, thfe wheeled base having at least two 
wheels, each wheel having two axis which define two degrees of freedom for that 
wheel, each wheel having an attachment point on the base, the method comprising the 
steps of: / 

receiving an inputted motion vector for an overall desired motion of 
the wheeled base; 

calculating from the inputted ve :tor a desired two dimensional motion 
vector for each of the attachment points; 

mapping the motion vector of OJie of the attachment points to an axis 
motion for each of the two axes associated with the one attachment point, so 
that driving the two axes of the associated wheel will result in the desired base 
motion of the one attachment point; 

repeating the previous step fafrjbact^Sf the attachment points. 



2. A method of calculating a desired axis motion as recited in claim 1, 
wherein the step of calculating the two dimensional motion vector for each of the 
20 attachment points is characterized by the equations: 

wherein 

is the desired wheel attachment point Velocity in the x-direction of the base 
25 coordinates for each wheel i in meters per second, 

x d is the desired base velocity in the x-diyection of the base coordinates in meters per 
second, 

\f/ d is the desired rotational velocity in bfcse coordinates in radians per second, 
is the desired wheel attachment popit velocity in the y direction of the base 
30 coordinates for each wheel i in met As per second, 
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y d is the desired base velocity in the x-direction of me base coordinates in meters per 



*1pe 



second, 



x m is the x-component of the wheel attachment po^nt of wheel i in base coordinates 

in meters, and 
y Wi is the y-component of the wheel attachment po 

in meters. 

3. A method of calculating a desired a^ 
wherein all of the wheels of the base have a caster 

mapping the motion vectors of the attachment poinjts to axis motions is characterized 
by the equations: 

6 dm = arctan2 ( j^,, ) 



int of wheel i in base coordinates 

is motion as recited in claim 1 , 
hat is equal to zero and the steps of 



_ / • 2 *~2 
MdfVi ~ \ X dWi + y<iWi 



S dWi — ^wfi dWi 



t dWi ~ 



' Wi 



MdWi 




wherein 

Ojwj is the desired steering angle for 2-DOF W iJ in radians, 

is the desired wheel attachment point velocity in the y direction of the base 
coordinates for each wheel i in meters per sicond, 
x mi is the desired wheel attachment point velocity in the x-direction of the base 

coordinates for each wheel i in meters per/second, 
jXjw is the desired velocity magnitude for wlieel / in meters per second, 

is the desired steering angle with respect to base coordinates of wheel i in 
encoders, 

a m is the steering axis "encoder pitch" forjthe steering axis of 2-DOF W i expressed in 
encoders per radian, 

is the desired velocity of the translation axis for wheel / in encoders per second, 
r m is the translation axis "encoder pitch? for wheel / in encoders per radian, and 



is the wheel radius of wheel / in meters per radian. 
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4. A method of calculating a desired axislmotion as recited in claim 1, 
wherein all of the wheels of the base have a caster that is not equal to zero and the 
steps of mapping the motion vectors of the attachment points to axis motions is 
characterized by the equations: 



@ mWi ~ 
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Sam = —(yaw, cos(0 mm )- x dm sm(0 mWI ))-yrl ; and 



"Wi 



tjwi = —{*dWi ™><Q m wi) + Vim sin (^/))> 



wherein 

9 mWi is the measured angle of the steering axis <£f wheel i with respect to base 
coordinates in radians, 



s mWi is the measured angle of wheel / with respect 1 
<j m is the steering axis "encoder pitch" for the ste^ 



base coordinates in encoders, 
ing axis of 2-DOF W-i expressed 



in encoders per radian, 
Sjpj is the desired steering axis velocity of ^ 



An encoders per second, 



c Wi is the amount of caster offset in meters per radian, 

y^i ls ^e desired wheel attachment point velocity in the y direction of the base 

coordinate for each wheel i in meters per second, 
x mi is the desired wheel attachment point Velocity in the x-direction of the base 

coordinates for each wheel, / in meters/per second, 
\j/ d is the desired base rotation velocity in radians per second, 

ijwt is the desired velocity of the translation axis for wheel i in encoders per second, 
r m is the encoder pitch for 2DOFW i oppressed in encoders per radians, and 
r m is the radius of the 2DOF W i in meters per radian. 

5. A method of providing k control envelope for axes on a wheeled base, 
the wheeled base having at least two \*|heels, each wheel having two axes which 
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define two degrees of freedom for that wheel, the c ontrol envelope ensuring that none 
of the wheel axes are commanded to move in a ma iner that they are not capable, the 
method comprising the steps of: 

defining for each of the axes of eacl l of the wheels a maximum 

possible range of motion that will be permi ted during an allotted control 

period; 

receiving an inputted motion vector 
the wheeled base; 

calculating from the inputted vector 
the axes of each of the wheels, so that driving all of the axes will result in the 
overall desired motion of the base; 

determining if any of the desired ax s motions are not within the 
permitted range of motion previously defined for that axis; and 

modifying as little as possible the overall desired motion of the base if 
required by the previous step such that all^ 
motions are within the permitted range 



for an overall desired motion of 



a desired axis motion for each of 




he corresponding desired axis 
otion. 



6. A method of estimating rotation of a Wheeled base relative to a surface 
during a discrete time interval At, the base having at\least two wheels each pivotably 
and rotatably mounted thereon for contacting thef surface and driving the base and 
surface relative to one another, the method comprising the steps of: 

calculating an apparent motion ffr each of the wheels during the time 

interval At; 

calculating a rotation of the basfe for each possible pair of the wheels 
based on the apparent motion calculated for each of the wheels; and 
averaging the results of the previous step. 
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7. A method of estimating rotation of a wheeled base as recited in claim 
6, wherein the step of calculating an apparent motion of each wheel is represented by 
the equations: 

*'m = *m + tomwi cos(0 wFW ) - As mm sin(0 m}Vi ) ; and 



y'm = ywi + *s mm cos(0 mWi ) + At l 



l mWi 



SI 



1 

Wheel / 



after base motion during 



wherein 

x r m is the x-component of the attachment point of ^ 

one control cycle in meters, 
x m is the x-component of the wheel attachment poijit of wheel i in base coordinates in 

meters, 



At mm is the measured motion of the translation axis 



pf wheel i during one control 



cycle expressed in meters, 
9 mWi is the measured angle of the steering axis of wHeel / with respect to base 
coordinates in radians, 

10 &s mW i ls the measured motion of the steering axis of wheel / during one control cycle 
expressed in meters, 

y' m is the y-component of the attachment point of wheel i after base motion during 

one control cycle in meters, and 
y Wi is the y-component of the wheel attachment jjpi^itjof wheel i in base coordinates 
15 in meters. 
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8. A method of estimating rotati&tutff £ ivheeled base as recited in claim 
7, wherein each wheel has a steering axis and a rowing or translation axis, the two axis 
for each of the wheels being offset from one another such that the caster does not 
equal zero. 
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9. A method of estimating rotation pf a wheeled base as recited in claim 
7, wherein each wheel has a steering axis and afrolling or translation axis, the two axis 
for each of the wheels intersecting such that thf caster equals zero. 

10. A method of estimating rotation of a wheeled base as recited in claim 
6, wherein the steps of calculating a rotation/of the base for each possible pair of the 
wheels and averaging the results are represdnted by the equation: 

A Ve = ir £arctan2<>^ -y f Wj ^ m - ±' WJ ) - arctan2 (y m -y Wj ,x m -x WJ ) 9 



30 wherein 
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Aif/ e is the calculated rotation change in radipns, 
m is the number of unique pair combination^ of N wheels, 
j and k are index variables of a possible whe si pair combination, 
y r m is the y-component of the attachment p )int of wheel k after base motion during 

one control cycle in meters, 
y f Wj is the y-component of the attachment pcji 
one control cycle in meters, 



int of wheel j after base motion during 



x' m is the x-component of the attachment p<j>int of wheel k after base motion during 

one control cycle in meters, 
x' WJ is the x-component of the attachment pdint of wheel j after base motion during 

one control cycle in meters, 
y m is the y-component of the wheel attachment point of wheel k in base coordinates 



in meters, 

y Wj is the y-component of the wheel attacl 
in meters, 



lent point of wheel j in base coordinates 
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x m is the x-component of the wheel atpacl^m^f point of wheel k in base coordinates 
in meters, and 

x WJ is the x-component of the wheel attach unent point of wheel j in base coordinates in 
meters. 



11. A method of calculating position and orientation of a wheeled base 
relative to a world coordinate system fixed to a surface, the base having a base 
coordinate system fixed thereto and at least two wheels each pivotably and rotatably 
mounted to the base at an attachment point for contacting the surface and driving the 
base and surface relative to one another/ the method comprising the steps of: 
calculating a steering angle for each of the wheels; 
calculating a measured translation distance for each of the wheels 
traveled over a time At elapsed/during a control cycle; 

calculating an apparenumotion for each of the wheels based on the 
steering angle and measured translation calculated; 
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calculating an apparent position in base coordinates for each of the 
wheels by adding the calculated motion tp the wheel attachment point at the 
beginning of the control cycle; 

calculating a rotation of the baselfor each possible pair of the wheels 
based on the apparent motion calculated for each of the wheels; 

calculating a total change in basq rotation by averaging the results of 
the previous step; 

calculating a total change in translation coordinates by averaging the 
apparent motion of each of the wheels,rtaking into account the base rotation 
calculated in the previous step since the beginning of the control cycle; 

calculating a summed-up position and orientation of the mobile base in 
the fixed world coordinates by adding the total change in base angle to an 
existing angle estimate and adding the total change in translation coordinates 
to an existing estimate of translationf£odrdinates. 



12. A method of calculating po£iti< 
recited in claim 1 1 , wherein the step ktf c$wxl 
characterized by the equation: 



I orientation of a wheeled base as 
Iting the total change in base rotation is 



A V e = £ Z^ 0 ^ 2 ^ -^ 3 x^/-x^)-arctan2(y^ -y WJ ,x m -x Wj ), 
wherein 

Ay/ e is the calculated rotation changefin radians, 
m is the number of unique pair combinations of N wheels, 
j and k are index variables of a possible wheel pair combination, 
y r m is the y-component of the attachment point of wheel k after base motion during 

one control cycle in meters, 
y' WJ is the y-component of the attachment point of wheel j after base motion during 

one control cycle in meters, 
x' m is the x-component of the attachment point of wheel k after base motion during 

one control cycle in meters, 
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x' Wj is the x-component of the attachment point of wheel j after base motion during 

one control cycle in meters, 
y m is the y-component of the wheel attachment point of wheel k in base coordinates 

in meters, 

y WJ is the y-component of the wheel attachment point of wheel j in base coordinates 
in meters, 

x m is the x-component of the wheel attachment point of wheel k in base coordinated 
in meters, and 

x WJ is the x-component of the wheel atte tchment point of wheel j in base coordinated 
in meters. 




on and orientation of a wheeled base as 
ating the total change in translation 



13. A method of calculating 
recited in claim 1 1, wherein the step 
coordinates is characterized by the gijuaftio. 

N 

15 Ax e =j?Y i (x' m + y m ky/ e ) 

N 

#=i 

wherein 

Ax e is the estimated change of the ba^e location in the x-direction in base coordinates 
since the previous control cycle iq meters, 
20 N is the number of wheels, 
i is an index variable, 

x' Wi is the x-component of the attachment point of wheel / after base motion during 

one control cycle in meters, 
x Wi is the x-component of the whe^l attachment point of wheel / in base coordinates 
25 in meters, 

y m is the y-component of the whefel attachment point of wheel / in base coordinate in 
meters, 
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A y/ e is the estimated rotational change o 
the previous control cycle in meters, 
Ay e is the estimated change of the base 



the base location in base coordinates since 



ocation in the y-direction in base coordinates 



since the previous control cycle in m sters, and 



y' Wi is the y-component of the attachmen ; 
one control cycle in meters. 



point of wheel i after base motion during 



14. A method of calculating p >sition and orientation of a wheeled base as 
recited in claim 11, wherein the step of calculating a summed-up position and 
orientation of the mobile base is characterized by the equations: 

X eB = X eB 

+ Ax e cos(yr eB ) - Ay e sm(y/ eB 1 , and 
y eB = y eB + Av e cos(y/ eB ) + Ax e sin(^J) 
wherein 

y/ eB is the estimated rotational positioiVcjf theybase coordinate frame origin with 



respect to a fixed world coordinate fram< 




the? base location in base coordinates since 



Ay/ e is the estimated rotational chang 

the previous control cycle in meters, 
x eB is the estimated position of the base coordinate frame origin in the x-direction of a 

fixed world coordinate frame, 
Ax e is the estimated change of the base location in the x-direction in base coordinates 
since the previous control cycle in mjeters, 



Ay e is the estimated change of the base 



ocation in the y-direction in base coordinates 



since the previous control cycle in meters, and 



y eB is the estimated position of the base 
fixed world coordinate frame. 

15. A method for controlling 



coordinate frame origin in the y-direction of a 



he motion of a wheeled base with respect to 



a surface, the base having a base coordir ate system fixed thereto and at least two 
wheels each pivotably and rotatably moi inted to the base at an attachment point for 
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contacting the surface and driving the basi 5 and surface relative to one another, each 
wheel having a plurality of axes, the mett: od comprising the steps of: 
reading an input vector fro n a host processor; 

mapping the input vector t( a desired axis motion vector for each of the 

axes; 

sending the desired axis motion vector to an axis controller for each of 
the axes; 

estimating a motion of the b^se traveled during a discrete time interval 

At; 

calculating a position and an brientation of the base in a set of world 
coordinates. 



16. A method for controlling the 



claim 15, wherein the steps of estimating a n otion of the base and calculating a 



] notion of a wheeled base as recited in 



15 



position and orientation of the base further c 
calculating a steering angl 



traveled over a time At elapsed 

calculating an apparent motio!n 
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e the steps of: 
of the wheels; 



calculating a measured tr^slaporraistance for each of the wheels 



bntrol cycle; 
each of the wheels based on the 



steering angle and measured translation calculated; 



calculating an apparent positi 



Dn in base coordinates for each of the 



wheels by adding the calculated motijon to the wheel attachment point at the 
beginning of the control cycle 
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calculating a rotation of the 
based on the apparent motion calcu 

calculating a total change in 
the previous step; 

calculating a total change in 
apparent motion of each of the whet 
calculated in the previous step since 



ise for each possible pair of the wheels 
a ted for each of the wheels; 
>ase rotation by averaging the results of 

ranslation coordinates by averaging the 
s, taking into account the base rotation 
the beginning of the control cycle; 



calculating a summed-up pc sition and orientation of the mobile base in 



the fixed world coordinates by add 

-28 



g the total change in base angle to an 




existing angle estimate and adding a 
coordinates to an existing estimate of 
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17. A method for controlling the mc tion of a wheeled base as recited in 
claim 16, wherein the step of calculating the to al change in base rotation is 
characterized by the equation: 



=m £arctan2 (y' m -y f Wj ,x' m -x' WJ ) 



- arctan2 (y m -y WJ ,x m ~x Wj ), 



Dair combination, 



wherein 

Ay/ e is the calculated rotation change in radiahs, 
m is the number of unique pair combinations of N wheels, 
j and k are index variables of a possible whee 
y' m is the y-component of the attachment point of wheel k after base motion during 

one control cycle in meters, 
y' WJ is the y-component of the attachment poiAj^f wheel j after base motion during 

one control cycle in meters, 



is the x-component of the attachment/poii it 



it/poii it of wheel 1 



k after base motion during 



one control cycle in meters, ^ — ' 
x' WJ is the x-component of the attachment point of wheel j after base motion during 

one control cycle in meters, 
y m is the y-component of the wheel attachnnfent point of wheel k in base coordinates 
in meters, 

y Wj is the y-component of the wheel attachnjent point of wheel j in base coordinates 
in meters, 

x m is the x-component of the wheel attachment point of wheel k in base coordinates 
in meters, and 

x Wj is the x-component of the wheel attacl^ment point of wheel j in base coordinates in 
meters. 
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18. A method for controlling the ijhotion of a wheeled base as recited in 
claim 16, wherein the step of calculating the (total change in translation coordinates is 
characterized by the equations: 



Ax e =iX( x ^< +JV,A^J;and 
/=i 



10 



15 



20 



wherein 

Ax e is the estimated change of the base locatibn in the x-direction in base coordinates 

since the previous control cycle in meters] 
N is the number of wheels, 
i is an index variable, 

x r m is the x-component of the attachment pqSnt of wheel i after base motion during 
one control cycle in meters, 



x m is the x-component of the wheel ai 




oint of wheel / in base coordinates 



fit of wheel i in base coordinate in 



in meters, 

y m is the y-component of the wheel attacl; 
meters, 

Ai// e is the estimated rotational change oljthe base location in base coordinates since 

the previous control cycle in meters, 
Ay e is the estimated change of the base ljbcation in the y-direction in base coordinates 

since the previous control cycle in meters, and 
y f m is the y-component of the attachment point of wheel i after base motion during 

one control cycle in meters. 



25 19. A method for controlling the motion of a wheeled base as recited in 

claim 1 6, wherein the step of calculating a summed-up position and orientation of the 
mobile base is characterized by the equations: 

X eB ~ X eB 

+ Ax e cos(i// eB ) - Ay e sii(^ ) , and 

-30- 




yl CU^ 



20 



25 



ase coordinate frame origin with 



ase location in base coordinates since 



y eB = y eB + A ^ cos(^) + Ax e sin(y^) 
wherein 

y/ eB is the estimated rotational position of the 

respect to a fixed world coordinate frame, 
5 A y/ e is the estimated rotational change of the 

the previous control cycle in meters, 
x eB is the estimated position of the base coordinate frame origin in the x-direction of a 

fixed world coordinate frame, 
Ax e is the estimated change of the base locati< 
10 since the previous control cycle in meters J 

Ay e is the estimated change of the base location in the y-direction in base coordinates 

since the previous control cycle in meters, and 
y eB is the estimated position of the base coordinate frame origin in the y-direction of a 

fixed world coordinate frame. 

15 



n in the x-direction in base coordinates 



20. A method for controlling th^ ip^on of a wheeled base with respect to 
a surface, the base having a base cooromartej syStem fixed thereto and at least two 
wheels each pivotably and rotatably mounted to the base for contacting the surface 
and driving the base and surface relative to lone another, each wheel having a plurality 
of axes, the method comprising the steps of 

reading an input vector from a host processor; 

mapping the input vector tq a desired axis motion vector for each of the 

axes; 

calculating a control envelope for each of the axes; 
determining whether the desired axis motion vector lies within the 
control envelope for each of the axes; 

calculating a modified axis motion vector for each of the axes in which 
the desired axis motion vector does not lie within the control envelope; 

sending the desired axij motion vector or modified axis motion vector 
30 to an axis controller for each off the axes; 
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estimating a motion of the base tra^ 



At; 



calculating a position and an orientation of the base in a set of world 
coordinates; and 

repeating the previous steps continuously until commanded to stop. 



eled during a discrete time interval 



a surface, the base comprising: 
mounted to the base, each wheel 



21 . A mobile base movable relative tc 
at least two wheels pivotably and rotatably 
having a steering axis and a rotation axis; 

drive means for rotating the wheeljs along the surface; 
steering means for pivoting the wheels with respect to the surface; and 
controller means for controlling tl ie motion of the base, wherein the 
controller means includes means for reac 

processor, mapping the input vector to a|desired axis motion vector for each of 
the axes, calculating a control envelope f6r each of the axes, determining 
whether the axis motion vector lies wiftxin thejcontrol envelope for each of the 
axes, calculating a modified axis morion vector when the axis motion vector 
does not lie within the control envelopd/^edding the axis motion vector or 
modified axis motion vector to an axis {controll er for each of the axes, 
estimating a motion of the base traveled during a discrete time interval At, 



calculating a position and an orientatic 



n of the base in a set of world 



coordinates, and repeating the previous steps continuously until commanded to 
stop. 



25 22. A mobile base movable relative to a surface, the base 

comprising: 

at least three wheels pivotably and rcftatably mounted to the base, each wheel 
having a steering axis and a rotation /axis; 

drive means for rotating the pheels along the surface; 
30 first encoder means for sensing the rotation of each of the wheels and 

outputting a signal for each wheel in response thereto; 
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steering means for pivoting the wheels with respect to the surface; 

second encoder means for sensing the pivoting of each of the wheels 
and outputting a signal for each wheel in response thereto; and 

a processor for estimating a rotation )f the base relative to the surface 
during a discrete time interval At by receivin * the output signals from the first 
and second encoder means, calculating from ;he signals an apparent motion for 
each of the wheels during the time interval Ai , calculating from the apparent 
motions a rotation of the base during the tim< interval At for each possible pair 
of wheels, and averaging the results of the calculated rotations. 

23. A mobile base movable relative to a surface, the base 

comprising: 

at least two wheels pivotably and rotatably nfiounted to the base, each wheel 
having a steering axis and a rotation axis; 




the surface; 
e&ls ^ith respect to the surface; 
heydrive means and the steering 



drive means for rotating the wheelsj 
steering means for pivoting 
a controller for supplying powfi 
means; and 

a processor for sending comntSnd sjg^ls to the controller and for 
calculating a control envelope to ensure th^t commands are not sent to the 
controller that cannot be executed by the drive means or the steering means, 
the processor calculating the control envelope by receiving an input motion 
signal indicating an overall desired motion of the base, calculating from the 
input signal a desired axis motion for eaah of the wheel axes that will achieve 
the overall desired motion of the base, determining if each of the desired axis 
motions is within an associated range ofl motion predefined for each of the 
axes, and, if required, modifying as little as possible the overall desired motion 
of the base until all of the corresponding desired axis motions are within the 
associated predefined ranges of axis motion. 

24. A method of providing a control envelope for axes on a wheeled base, 

the wheeled base having at least two wheels, [each wheel having two axes which 
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define two degrees of freedom for that wheel, the control envelope ensuring that none 
of the wheel axes are commanded to move in a planner that they are not capable, the 
method comprising the steps of: 

defining for each of the axes of each of the wheels a maximum permitted 
range of torque; 

receiving an inputted force vector for ^n overall desired resultant force of the 
wheeled base; 

calculating from the inputted vector d desired axis torque for each of the axes 
of each of the wheels, so that driving all of tjne axes will result in the overall desired 
force of the base; 

determining if any of the desired solis torques are not within the permitted 
range of torque previously defined for that axis; and 

modifying as little as possible the pverall desired force input vector of the base 
if required by the previous step such that ill of the corresponding desired axis torques 
are within the permitted ranges of axis to 



25. A method of calculati 
recited in claim 1 1 , wherein the steps 1 
translation coordinates are characterizec 
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orientation of a wheeled base as 
ating the total change in rotation and 
byS he equ ation: 



wherein 

Wc is the estimated mobile basefmotion in base coordinates. 
&t is the time elapsed during a £ ontrol cycle (s), 
C # . 

25 * is the velocity estimation njatrix, a generalized left inverse of the 

constraint matrix, 
As 

mWi is the measured motion jbf the steering axis of wheel i during one 
control cycle, 

^mwi j s the measured motio£ of the translation axis of wheel i during one 
30 control cycle, and 
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N is the number of wheelymounted to the base. 

26. A mobile base movab|e relative to a surface, the base comprising: 
a main housing; / 

at least two wheels pivotablwand rotatably mounted to the housing , each 
wheel having a steering axis and a rotation axis with the steering and rotation axes 
nonintersecting and offset by a laioWF^caster distance; 

drive means for rotating ihe wja'eels to roll along the surface; 
steering means for pivptiijg tn^wheels and changing their heading with 
respect to the surface; and 
controller means foj 
reading an input vector from a host processor, wherein the input vector is a 
three dimensional force torque vector, 

reading the steering axis headings, 

calculating a desired torque for each steering and rotation axis such that at any 
given time, the calculated resultant forces on the base reflect the input vector, 
regardless of the positions of the steering and rotation axes, and 

commanding the calculated torque to each steering and rotation axis. 



27. An apparatus as described in claim 26 wherein the controller means 
includes a dynamic model /uch that the controller means compensates for undesired 
motion of the base due to/various motions of the wheels. 

28. An apparatus as described in claim 26 wherein the calculated torque of 
each steering and rotation axis is computed from the input vector and a generalized 

inverse of a constraint matrix, C , the constraint matrix being defined by the following 
kinematic relationship: 

m a = Cm x 

where m ° represents a motion axis vector and m * represents actual mobile 
base motion. 
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29. An apparatus as described in claim 28 wherein the generalized inverse 

of C is chosen such that a^u^ji of squares of the axis torques is minimized. 

30. An apparatus/as described in claim 28 wherein the generalized inverse 

of C is chosen such fthafaT stub of squares of wheel contact forces is minimized. 

3 1 . An ippfea^i^as described in claim 28 wherein there is an 
instantaneous power for each of the steering and rotation axes and wherein the 

generalized inverse of C is chosen such that a sum of the instantaneous powers of all 
of the axes is minimized. 
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